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yo” (>) "A Survey of Part of the City of Rensselaer, New York, 


py Aerial Photogravhs with the use of Altimeters" by 

Lt. L. W. Graves, CEC, USI and It. 0. F. Nicholson, 

CEC, USN . The thesis describes the use of altimeters 
in conjunction with vhotogravhic surveying. A procedure 
is developed for the use of these instruments and 2 
tyoical survey is given. The results would have been 
more conclusive, had the check vrofile been extended 
for a greater distance over irregular terrain. 
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IR TRODUC TION 

The principles of photographic surveying have been known 
for a long period, however, photogrammetry has received so 
mach impetus in the last ten or fifteen years, thet its age 
is taken as one of the youngest types of surveying. 

fhe booke written on eurveying around the turn of the cen- 
tury usually contained a chapter on the methode of photo- 
graphic surveying. ‘Theee books chow that the principles he- 
hind this method were developed fully at that time. The 
experts on photographic surveying seem to have vanished with 
the years because little montion or reference to such methods 
have been made in the recent books. One may be lead to 
believe that after the invention and early developmont of the 
camera, ecurveyors, intrigued by the instrumont, adapted it to 
their own field and developed the methods of photographic 
surveying. ‘The decline in interest in photographic surveying. 
may poresibly be attributed to the following: the reluctance 
of many surveying engineere to give up the 014 tried and true 
method, the limited field of use for this method, and the coset 
in equipment and supplies for thie procedure. 


Merriman and Wiggin's Civil Engineering tiandbook makes the 





following statement about photographic surveying: 
“& vapid method of locating topographic details for con- 
etruction of emall scale maps is afforded by photographic 


surveying. Best results are obtained where the country bes 
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characteristic shapes, and is not too thickly wooded to 
afford good positions for taking the views." 

We were introduced to this field of work in the couree 
in Photogrammetry at Rensrelaer Polytechnic Institute. 
In the classroom we worked with aerial photographs and 
found the work very interesting. ‘The following eummer 
we were introduced to the altimeter es a means for deter- 
mining the clevation of a point by means of comparative 
readings. At the time, Instructor Robert Palmer wae more 
or lees experimenting with the instruments to check them 
and dete-mine exactly what their possibilities might be. 
With a few ideas of our own and the able suggestions and 
acsistance of Professor H.}. Sharp and Instructor Robert 
Palmer, we set out to develop our procedure. 

The photographs for this survey were generously givenc 
by Pairehild Aerial Surveys, Inc. New York City, to 
Reneselaer Polytechnic Institute. They were flown juet 
prior to the beginning of work on this theeie. In the 
e@lection of the photograph to be used for our work an 
effort was made to obtain the following; an altitude 
differential of 200 feet, a ruesed plece of terrain, a 


wooded area, an open area and a densely populated section. 
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PRELIMINARY WORE 

In planning the procedure, that we were to use in the 
field, we felt we might and probably would come across - 
some points in the field that would be necessary to locate 
for accurete plotting of the contourre and which could not 
be picked out on the photogreph. Determining the elevation 
of these points presented no problem. we would use the 
alfimeter the same as for other points that were easy to 
identify on tke photograph. 

We hoped to be able to solve the problem of dirtance and 
direction from a known point without having to employ a 
transit. We felt it might be possible to adapt some equip- 
ment that would be light enough to set up on the photograph 
in the field with this equipment we wanted to be able to 
determine digtance and plot directly on the photograph. 

As we have stated above, the elevation would be determined 
the same as for other pointe. A plane table alidade could 
have been used, but we hoped to develop something especially 
for our work. 

In thinking over whet equipment we might esdept for our 
uso, we decided that the Standard Navy “tadimeter might be 
the anewer. We knew that it was used for greater ranges 
than we would need and that at sea a higher target than we 
would be able to handle was used. 


We obtained the loan of a stadimeter in order to test 
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our theories in the field. The old stendard model and a 

new simplified model were sent us. We hoped that by using a 
smaller target ond shorter ranges, we might be able to- 
Calibrate the stadimeter for our own needs. 

One day in the field teeting the stadimeter convinced us 
thet the work necessary to adapt the equipment to our work 
would not be worth the time involved. Even if we did adapt 
the stadimeter, it would not be any lighter or more accurate 

than @ plane table slideade and a stadia-rod. 

Ye eoncludes that if 1% became necessary to wee any equip- 
ment besides the altimeter, we would use the plane table 
alidade. We were fortunate in that we dic not find tha need 
of locating any points in the photograph other then by the 
aid of land marks. 


APPARATUS AND MATERIALS. 
All apparatus and materiel used in this thesis is the 


proverty of the @ivil Fngineering Department of Reneselaer 
Polytechnie Inetitute. 
The equipment employed was; 


(a) Two altimetere #97 and #94, manufactured by 
the Wallace and Tiernan Company. 


(db) Level 4140 


(c) Level rod, stakes and miscellaneous surveying 
equipment. 
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ROTFS ON ATTIMETTS 
from notes received from Instructor Robert Palmer. 


“The precise curveying altimeter is & recently developed 
aneroid barometer of high sensitivity. By high sensitivity 
ie meant that for small changes of elevation, there is a de- 
finite corresponding movement of the indicator hand: the 
instrument can be read to the nearest foot of elevation. 

The two chief manufacturers are the American Paulin System, 
and Wallace and Tiernan Company... The latter company produces 
one model with a range of O = 6000 feet, and another model 
with a range of 0 - 15000 feet. The instruments are graduated 
in feet, not inebes or mm. of pressure. The price ranges from 
€200 - #200. 

OPPRATION - SINGLE BASE METEOD. Fimilar to aneroid barometer 
procedure. Requires the use of two altimeters, two thermo- 
meters and two watches. A point of known elevation is chosen 
as the base. First, the readings of the two instruments are 
compared at the base, over a 10 minute period, and a mean 
obtained for each. Ono instrument is then left at the base, 
and at 5 ~ minute intervals readings sre taken on the alti- 
meter and one of the thermometers. The other altimeter and 
thermometer (called the “field instrument") are taken to any 
points whose elevations are desired. At each point, readings 
are taken on the altimeter and thermometer, with the time of 
each reading also recorded. At the end of the day's work, 

the field instrument is brought back to the base and the two 
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instruments ere compared again. To compute the elevation of 
any of the points, we tuke the mean of the readings on that 
point, and look up the readings trat were taken on the base 
instrument eat that same time. This makes allowance for 

wea ther -causec shahaod in atmospheric pressure during the day. 
if we now apply a eorrection for temperature ta the difference 
between tbe base and field readings, ve bbtain the difference 
in elevation between the base and the point in question.” 


CONTROL 
Before it was possible for us to begin our work in the 


field, we had to have some point of knorm elevation from 
whieh to start our work. In looking over the nime nhoto- 
graphs ve had to work with, »e hoped that there might be a 
bench mark in the srea. With this we would have an elevation 
to begin with. Thero wa: a triangulation station in one 
photograph, but the elevation wae unknown. 

Next, wa wont to the City Fngineer's office in Rensselaer 
to see what he might have that would help us. From him, we 
were able to get several bench marks that were used for work 
in that city. However, the datum upon which these points 
were baced was not known. They might heave been based on the 
mean weter level of the Eudson River at the city, or they 
may have been tied in with the Coast and Geodetic Surveys 
of the area. 

Our next hope was to be able to find a bench mark on 4 


highway in the area that could be used as a starting point. 
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After a day going throveh several surveys in the crea at 
the State Highway Department, wo found two or three pointe 
thet we might possibly ure, hen these points were inven tie 
@ated in the field, we decided that they were too far off 
the photographs to bo ureful. 

Se, @ven though wa were not certein of the eecursecy of 
the benuen — from the City of Renese&@acr, we decided to 
go ahead with our work using one of their bench merks. We 
chose one on the corner of Broadway and Aiken {treet that 
could be rur up into tho ares of one of the photographs 
without too mach difficulty. 


SELECTING OF CUNTRUL Basis 
We selected two well cefined points on the map to aet 


&S Gontrol bases. These control buses were chosen at elevations 
which would enable us to use the altimetere vith a range 
of fifty feet above or below the base and this vould ellow 
& coverage of the entire aroa in the photograch. 
The determination of the elevation of the two eontrol 
bases was accomplished by means sf a level run from 4a point 
of known elevation at the intersection of Broadway and Aiken 


street. The @ata of tho level run is given below. 
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le July, 1947 
LEVEL BOPTES FOR CORTRUL BA & 
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14 July, 1947 
LEVEL NOTES POR CORGROL BASES 


PLUS SIGHT MINUS SIGHT CORR LLEV. 
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PLOTTING OF MAP AND CONTOUR DRAWING 
The nine photographs donated by Fairchild Aerial Surveys 


Inc. were made in two sizes. One a 9” by 9" size or a seale 
of 600-feet to the inch, the other a 26" by 26" size or a 
scale of <00 feet to the inch. The sizes were ideal for our 
work because we used the 9” by 9" photograph for the field 
work and the 26" by 26™ photograph for the actual contour 
plotting. 

The small vhotograph was very easy to handle in the fie2ld 
whereas a large photograph would have been very cumbersome to 
use. The points for which the elevations were desired were 
usu@liy easily identified on the photograph. Each point was 
given an index number and the altimeter reading and required 
informetion was recorded in the notes opposite the same number 
The informetion recorded in the field and at the control base 
were compared as shown in the data and computation section of 
this thesis. From this comparison the elevation of each of th 
index mumbers was readily determined. 

With the above information and the two meeps the elevation 
for each sf the index numbers was plotted on the large photo- 
graph. After all of the points of known elevation had been 
recorded on the large map we were then faced with the problem 


of contour drawing. 
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The problem of contour drawing was solved by assuming 
the changes in clevations to be fairly constant in the 
thick wooded aress,. Por this work we made a graph by 
menne of vhich we vere able to interpolate for the contours 
between elevation. In the open aroas ve could see the approxi- 
mate path of the contours. Knowing the elevation of a number 
of points in the open area and the e proximate path of the 
contours it was very easy to draw the contours ih this area 


with the tse of sur interpolator. 


CHICK BY TRIAL PROFILz 
Upon completion of the field work with the altimetere 


and plotting the contours, a eheck was made to determine 
the securacy of the map. 

ve proceeded with the eneck by going out to the area 
with a level and 100 foo8 chain. ‘She iine chosen for the 
eheck was near the conter of the area. aA run of ten etations 
or 1000 feet was desired, but we were limited in the points 
we covla choose for the ends of the line, It wee necessary 
thet we could locate the points on the photograph. The line 
used was @ + 12.5 ctationse in length and geve a difference 
in elevation of about 30 feet. By using that particulser 
line, we were able to get ea fairly accurate check vithout 
having to run the line through @ wooded area that might prove 
too rough a terrain for the level work 


The results of the check are shown on the plot of the 
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profile, All atationg checked within one-half? of the 


contour interval. 
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29 July, 1947 
CHRCK PROPILE 
OTA. PROFILE 
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15 July 


COMPARISON OF ALTIAETERS : 
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COMPARISON OF ALYIMPTERS: 


~LEINGT 2 79S START ERD 
RLADING 1474 LE76 1401 L402 
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READING L269 LE70 296 LEQ? 
FIMPTRATURY 88 86 61 6 


etis AwWLIRETLR 


LE78 
LEAO 
L272 
Le 71 
Lé71 
L272 
1578 
1579 
L°78 
LEVZ 
LE78 
1378 
LETS 
L286 
246 
L279 
L284 
1390 
LoSé 
1594 
1398 





leas 


ds 


wy 


|S otaaF et sanaesasssass | | 





















SEAS SSERSERESSIAGANATLTESS : 


— 


~-——— 


cm 





14 


la July 


COMPARI:OR OF ALPIMETE ¢: 


ALTINYVTER #92 ETART END 
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18 july cont. 


PIFLD ALTIM? ire STA. ALTIAETHR 
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21 July 
COMPARI SOR OF ALD 2S: 
ATEUKY DER #9" E TART 
BF ADING 1212 L218 


TREMP’ RATURE. 8S 85 
ALYIM’TER £94 


READING 1208 1210 
TEM PF IATORY 84 &8 


FIELD ALSIMETOR 


L218 
1193 
1184 
1200 
1256 
117% 
1188 
LEG4 
Lea 
LE VE 
Lie PG 
1246 
1281 
1276 
1240 
Lee 

1268 
aaa 
1179 
1202 
L189 
1162 
1171 
L415 





PAD 
l2c1l 1L2c2 


94 92 


1220 1250 


G6 6&8 


CYAe &LTIKETIR 


1455 
1409 
1406 
i410 
L415 
1420 
1425 
142 

14.35 
1446 
1445 
1450 
1455 
1600 
L505 


i550 LZZ6 
. lise 





ma 


*< 


oh 


eur mel 





es3 








HEE 
FEFFEFEET FEET EE at 


ae 
rasa ciaaa 

















ecpecieidurceus etear | 
| 




























































































































































































17 


COMPARISON OF ALTIBIT{S: 
ALTIM2T?R2 293 SPART 
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22 July cont. 


FIELD ALYIMETER STA, ALTINITIR 
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24 July 
TARE: 
Tar? 
B70 = G71 
62 83 
E69 8C9 
85 26 


PIFGLD ALTIN: TER 


EHD 
871 672 
¥G 94 
868 870 
6 eg 


SA. ALAIBE GIR 


att) READING) TERPYRATUR?. 








































































































20 





9° PAT x 
4°36T OP 
9°LLT 6% 
2°TLT %°O? 
L°v9T 6°93 
6° Pat 8°92 
B° S04 O° >T 
9°T07 9°6 
0° 26T 0 
3° S6T t°T 
2°46T e°sS 
9° L6T ¥°S 
8°002 g°g 
0°002 ae, 
8°96T Ory 
T° 202 9°6 
O° L 





ALTY) MOLL VATT 
SGQ-OTO| GILsAlrve 





NOTIVASTS| ENTE A 


& ®& 


TasoOft? 





Dh 


* SHO 





| ° fe TT 


eo vFft © 86© 8 A DOD @ 


Ww 
: 
ae 











ONLIVES | UsLERL21V | se 
wiv *dzia 


“8809 | * dws 
O|°dMHL| VER /° 





$°L48T  ucTI PACTS esTQ 





GAWILTY 
HOLLVZo 


So sei 
0 .0Ga 
F008 
3.05 
Jetes 
aaa 
o.7et 
a1 
8.2 
SePad 
i.bal 
meitl 
Se TTL 
Fo PeL 


Votes 


io tel 
6-181 
&. ded 
O.0e: 
ae 
v.05 
5. Or 
trae 
fe¥ud 
4.004 
r,OaL 
$04 
beVSi 
tet 
7tVi 


oe 





anf 
4.6 
a3 
5.4 
Lf 
e 
+8 


ir lr, 





i.3 


z22ee8 


eee epe tia 











PEERAEPREEREESE 


~- 


a 


PELEREEPERPEGESEE 











2 eo ans a ap Oe oom ae x taps a ae aa io. = eee , —— im 
- 7 7 —— 7 es hanna See cal I 
S iw 
_e4 3. & emi | 
P @ d i 
| io 
= . j 3 
- 4 ; — a a TN SBR SPs hope a I 





ol 


MOTEVA FT 


Ons 


aftTyY 


B°OAT 


6° 69T 


2° 64T 
a°S9T 
T° Tet 
T°L9T 
2°OVT 
3° 9eT 
9°69T 
4°L9T 


. me Td 
"2w0o 


*SEOO 


°aw x, 


es 
TSzT 
39st 
TSeT 
Ocsl 
LGZT 
00eT 
$6 TT 
GLer 
Tost 
S98T 
evel 
L3aT 
39at 








* 
hod 4.497 
4.8 [tay 

7) 1.7) ve 
aoe | er tT 
| Set | . | 
sat 














* es 
| D 
» a « | ; - 7 
e ° - q 
Pi 
p — — Ss esatl iif 4 } 
« 
a = 
q 
| , 
7 = — ea ate ig Oty - . 
—. onetime tare edhe ean te etna eeeben. GG eFC an reer ner a ee ee See emer ene. eI = we 1 IN pire ae s 
7 
7 
th { 
é i 
| 
{ c 
a 











s 
S 
2 
° 
= 








222839 F 


| le tesa 











erty “gat 





G°L48T NOL. YARTE 


692 

o9ul 
T9LT 
T8eT 
TheT 
Cect 
Laat 


“a oR 


Se 


BRIG" 


Tale 


tate e 





GTST 


21ST 
60ST 


GOyuT 
sO0ST 
S30T 
oSvt 
6YVT 
VPvT 
TvPT 
SZPt 
vevT 
62vT 
Sort 
6TPT 





i 





: ! ] 
. i 
. ft 
{ - 
R ¢ 
7 : ‘ ‘ be 
7 1 
@ 
a 





ih 
i 
hi 


KO 


NCILYAQT£ 
T_GSALTY 


7, 


ti.e 


FMEA 3 


2eO0Ci 


> 
4 


0 


NC IL VAST Y 


TESALIFNDA f° EGO 


g 


LUT 


BeOO/HV HM | ONITV Tu 
amai {@Wit JOTV *eeId 


HOTS 


VARIA HovVd 


gIuTa HOLLVG 








ane 





a4 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
3 
9 
9 





i 
TABSALIY TENSCTOIA UIGl/TVHA | ° uso |° aay, we PLTY °eAId f2eIe] wBOIsYEs 


G° RUT WOTLVASIE LoVe | 





a SIDMARL ALITY) HCISVARTE 
“Tinsnagay | SEASOTOLISUSALTYR ATS Sh) MVR STY ° seta 





G°L8T ROTLVARIA a; Vd 





TRet 
99GT 


642T 


eiat 


S38eT 
v62T 
8eTT 
64TT 
BYGAaT 
OO eT 
vetT 
B6TT 
8T3T 


LV GHMIITV & CAMLETV| ANd 
(Tila ROLELVGS 










CNSR SALTY | SOILVATIaA* | BOD | ° awed ONTCV cs 
PEASCIWD |TITSALIV AO Besos (awa | vee ory * fata 





3° 26 RILVASH Asve 


mn - 


bb 
1 
? P he “ — a 
{ -_ 7 
i FF be 
- 


rial |i 
| ae 
ua i 
_ i 





LPT SALT ¥ 


AeA sO 


3 


= 


WOTLTA CTE 


TETGAL ATT 


“Sud | °awaL ONTIV SU 


Var |° ary *dald 


6 NOTSVARIS 2. 7E 


u 


TANLLTY 


awd 1 


C1Tila 


wy my 
ty Ce 


982eT 
922T 


eal U T¥ 
HOTLYVLs 


S3GT 


TSS 
69ST 
97aT 
VIUT 
629T 
Su 5T 
ve dT 
BTET 
Stct 











; . . i ps 
| 7. 7 _* Lo | . 








| ASE 
- ‘[eret ae 533 | 


peserererel 






wre 












2° a6 HOILYASIL Sve 


SQ 


O°T 


®- 


YG 


6° 



























8 


w. i, (wid TV 1% 
oT Té 






ei LYE, 


*#ATd |° eOD] Pda Oglivad 
Saray a “HMO |°dHEL] SVAN PUTY *#aTd 











@°48T MOISVAATIE ZT va 





HOTGVAPIH 
Cisse nrr’ 


GMM Oa" 
ASOT OI 


LOTLTART SZ "soo 


wr? % 
? 


23 ™ 


QLTYNA) © BUoo [Sader 


o° 26 


“Twit 


fe i t4 28. Sd 





Bey 


HOTL AT 


me rs 


r 


¥ 





a 





50 


NOTCL VARTA Wb ofa? GGO . DN ILVaAS [eeLaRIS1Y Uk Lanisiy y 
Gah. ACTS CeNnseto jd Lh AlIyea Ae VAN T° GIS *gs1T i.e pO Tat be 





o° 26 SOLLVARI . wera 





a Vier 4, 
arated him |stmr | anata 
jWt2] Fed] OT 
| a0 | 2-8 
Wah Oot 
| Sees os | 
| Af, ri 
tat [te | 
| moe] dae, 
| Gane pa | 
| d0t2 r tet | 
| teh | te 
es | 
ae 












SS oe EES ee ee aan 














TH = a ss 


1 


| Toe 








o 
i .. 
| 














. et eee a oa a 


se "sears ese 





dL 












G°6% O° LY 








v°6g O° LG 








v°veT O° s8eT 





9°OST 
v 





g° SVT 





*TeT e°6sT 








L°002 








o° cet 2° O8T 





2° a8T o° OST 


2° Tet 





“Zot 


2° 09T 4°8st 








T° OLT 





2° 89T 











S°O3T 4°8sT 








4°OST 6°8dT 











APT ary 


2 Ae a HCTSVA TTS 
(Eun tes Wah “TO; LIhSaALTvea 















Ms LERI NY 
CTA ta 


LeLbo WIL Ty 


NO DLV 















2°26 WOTSVAPTS Tvg 











COSTS. 
Of interest to anyone making a survey, or to anyone 


who should like to do a similar thesis, ie the cost of 
equipment and materials. 


EQUIPKEINT;: (not including usual surveying equipment) 
Altimeters cost from $200 - 2700 


MATERIAL: 
fhe photographs for this thesis were given by Fairchild 


Aerial Surveys, Inc., but, the cost for such work varies 
from time to time and a definite price could not bo set. 
Practically all the equipment and much of the material was 
graciously loaned us by the Civil Engineering Department of 
the Institute. 


TIME. CONSUMED IN TEE SURVEY: 
Hot only the cost, but also the time consumed is of interest 


to anyone thinking of conducting a survey by a special means. 
The following fFepresents the approximate amount of time used 


by the authors practically unassisted. 


Preliminary reconnaieance 24 hours 
Running control 8 hours 
Elevations Determinations S52 hours 
Computations é2 hours 
Drawing and inking contours 28 hours 
Running a check profile 4 houre 


Total 138 hours 
This represénts 276 man bours for the complete mapping 


of approzimately 530 acres. 
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The results for this type of survey are very good as 
shown by the check profile. There were no points having 
more than one half contour interval variation in elevation. 
Thie satisfics the speeification that ninety percent of the 
points be within one half contour interval of the cheek 
profile. Ve do not expect to find such accuracy throughout 
the photograph due to the very rugged terrain. In eectione 
the area was thick woods with a drop of about fiftcen feet 
per foot, in this area the contour plotting was a guess but 
plotting by any other means would have been an impossibility. 
We believe this method of contour plotting to be a very 
feseable system for use in rough terrain or in thickly settled 
areas where other means would or could not be employed and this 
would bo a very good method of contour plotting in all types 
of topography if speed was desired. 

The main disadvantage of thie procedure were the computations 
which were simple but they wero a time consumer. te suggest 
a complete elimination of these computations by the use of 
the two base method end a converter developed by Instructor 
Robert Palmer of Rensselaer Polytechnic Institute. We would 
have employed this system but a party of three is required. 
An explanation of the procedure follows; 

TWO BASY METFOD. Requires three altimeters, three watches, 
no thermometers unless additionel checking is desired. Also, 
requires two points of known elevation called upper and lower 


base respectively. The upper base should be higher and the 
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lorer baee lower than any of the pointa vhore elevation 

fe desired, First, the readinge of the three inetruments 

are observed at the lower ( or upper ) buse over a 10- 

minute period, for comparison. Then one of the other two 
instruments is taken to the other base. Both base instruments 
are read at S5-minute intervals from then on, vhile the third 
(fiela@) instrument is read at each of the points where 
elevation is desired, with time recorded, At the end of 

the day's work, the three instruments are brought baek to- 
eether at the lower baee for comparison, in computing the 
elevation of any of the points, we look up tke readings of 
the upper bace and lower base at the moment the readings “ere 
taken on the point in question. it will be noticed that the 
difference between upper and lower base readings will rot oe 
qual the difference between upper and lower bese elevations. 
This discrepancy is of course duo to neglect of temperature, 
But since we do know the Gifferencé between upper and lower 
base elevations, and if we assume thet the temperature varies 
ins straight line between the besos, we can form & proe- 
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